Abstract-In
INTRODUCTION
In recent years, with the rapid development of small unmanned aerial vehicles, researchers are concerned with quadrotor because it has simple structure and is easy to control. Quadrotor can not only carry out vertical takeoff, landing and autonomous hover function, but also the task efficiently under the uncertain and dangerous environment. However, faced with diverse combat missions, single UAV is more and more difficult to meet the needs of the multi-UAV collaborative control concept come into being. UAV formation control is an important basic research track in the field of multi-UAV collaborative control. Reasonable formation control method can make the UAV formation quickly get the air superiority and finish the combat task more efficiently.
On the future battlefield, UAV will play an irreplaceable role.
The research of methods of formation control mainly contains leader-follower method, virtual structure, graph theory and behavior-based [1] . At present, the mainstream is the integration of the above methods. Early formation control mainly uses centralized control method that is characterized by high precision and easy to control, but depends on the calculation capabilities and global communication capabilities of the central control unit. With the increasing number of the formation members, the calculation of the central control unit increases exponentially, therefore this method lacks scalability and flexibility. Later, people propose the distributed control method, in which each UAV only communicates with the adjacent UAV.
The surrounding UAV relative position relationship is acquired, compared to the expected formation by using of UAV's own computing power. The actual position of the UAV is corrected to eliminate the formation error. 
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In recent years, many scholars aim at problems of the quadrotor formation , and they do a lot of research and design different types of controllers. In literature [2] [3] [4] [5] [6] , the controller is designed with different degree of simplification to quadrotor model by feedback linearization and small perturbation linearization. However, the quadrotor is a typical underactuated system, a cascade nonholonomic system with complex constraint equations, which has a strong nonlinearity and thus needs a higher requirement for the control system. In literature [7] , the quadrotor is also modeled by unit quaternion and the concept of manifold is introduced. The attitude control algorithm is designed under the differential geometry framework and gets a nice effect. Literature [8] combines the nonlinear part of the system identified by neural network online and leader-follower method to realize the formation control of the quadrotor. In literature [9] , the kinetics and kinematics models of the quadrotor are described by quaternion and the intermediate control is introduced. The formation is stabilized by setting the appropriate intermediate control for each UAV. In literature [10] , the error of the actual position and the expected position is introduced, and the tracking error model is established. Literature [11] also divides quadrotor model into two independent subsystems of position and attitude, and each of them uses backstepping method to design the time-varying feedback in order to make the system stable.
The backstepping method is a design method of forward and backward recursion. It makes the system error progressive and stable, and it can also reduce the difficulty of design by designing the Lyapunov function step by step.
Based on the above research, the quadrotor mathematical model is established by using the unit quaternion method.
Then the geometric center position of the formation is calculated by the consistency algorithm and is used as the expected trajectory. Finally the whole formation is stable by designing Backstepping Control for each quadrotor. [12] Quaternion is a number such as a b c d 
II. THE PROPERTY OF UNIT QUATERNION
Given a unit quaternion, the relationship between the corresponding attitude matrix and the unit quaternion is: 
The error between the actual attitude matrix R and the expected attitude matrix d R is defined as:
be two units of quaternions. the quaternion multiplication is defined as:
The quaternion does not satisfy the exchange law, which is qp pq  , but it satisfies the law of union, which is
    qp s q ps 
, and also satisfies the distribution law, which is ,
In the formula, 
IV. CONTROLLER DESIGN AND CONVERGENCE ANALYSIS

A. Problem description
Considering the UAV formation has -,
Define the position error of the i UAV is 

R  is the attitude error matrix, By the formula (2) available: 
B. Controller design
According to the cascade system analysis method, the quadrotor error system model is decomposed into position error subsystem and attitude error subsystem.  is the virtual control. V function is defined for each virtual feedback so that each state component
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has an appropriate progressive. The equation (14) is essentially a differential homeomorphism. To stabilize the original system, it is only necessary to stabilize the error between the original system state and the virtual feedback.
Step 1: Find the derivative of x
The pilot does uniform circular motion in a fixed height, the movement trajectory is: 
The simulation time is 9.5s and the simulation step is 0.001s
B. Simulation results
According to the above parameters, the system model is built with Simulink module in MATLAB, and the control algorithm is verified. Figure 2 is the three-dimensional map of the formation simulation. In the figure, the black curve is the tra- 
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It can be seen from the figure that the followers quickly move closer to the pilot after takeoff. At t = 1s, the distance from the pilot tends to be the designated position and remains at the same speed as the pilot, and is well tracked by the pilot. The validity of the tactics proposed in this paper is verified. 
